In response to fungal inoculation the leaves of Trifolium arvense accumulate the known isoflavonoid phytoalexins, medicarpin, maackiain, sativan, vestitol, and isovestitol. A previously undescribed isoflavan derivative (arvensan; 7,2'-dimethoxy-4'-hydroxyisoflavan) is also produced by this species. The identification and synthesis of arvensan is described.
Numerous isoflavonoid phytoalexins 1 have been isolated from species belonging to the family Leguminosae (subfamily Lotoideae) and implicated as factors in disease resistance 2'3. These compounds are often pterocarpan or isoflavan in nature 2> 4' 5 although isoflavone6 and isoflavanone6' 7 phyto alexins have also been described. A recent com prehensive survey of genera (e. g. M elilotus, Medicago, Trigonella, and Trifolium) within the tribe Trifolieae has revealed that the leaves of many spe cies accumulate isoflavan and pterocarpan deriva tives following inoculation with conidial suspensions of the fungus, H elm inthosporium carbonum Ullstrup 3' 4. This paper reports the isolation of a new phytoalexin from hare's-foot clover ( Trifolium arvense L.) and presents evidence to support its identification as 7,2,-dimethoxy-4/-hydroxyisoflavan (1 ) . Phytoalexins were obtained from the H. carborcu/n-inoculated leaflets of T. arvense using the dropdiffusate technique5. TLC (CHC13 : MeOH, 50 : 1) of diffusate ex tracts4' 5 gave two broad phenolic bands at Rp 0.59 -0.66 (termed B -l) and Rp 0.43 -0.47 (B-2). These were eluted with EtOH and the solvent removed in vacuo (40 °C ). The B-l fraction was then further chrom atographed (CHC13 , X 5) to afford, i) a m ixture of medicarpin and maackiain (2) and (3) (lower zo n e), ii) sativan (4) (interm ediate zone) and iii) an upper band (compound 1) which gave a bright orange coloura-tion when sprayed with diazotised p-nitroaniline; compounds 2 -4 are all characterised by the intense yellow colour of their diazo derivatives. M edicarpin and maackiain were eventually resolved by TLC ( X 3) in /i-pentane : E t20 : HOAc (75 : 25 : 3) 4. Upon multiple development (x3) in this latter system, B-2 also separated into two components namely, vestitol (5) (upper zone) and isovestitol (6) (lower zo n e). All the above compounds were chromatographically homogeneous and were absent from extracts of the control leaf diffusate5. The identification of compounds 2 -6 was based on a UV and TLC (5 solvent systems) com parison with authentic material and on the colours formed after spraying developed chromatograms with Gibbs re agent 8 and diazotised p-nitroaniline. Although m edicarpin, vestitol and sativan are common as phytoalexins in members of the tribe T rifolieae3, maackiain is encountered less frequent ly and as yet has been associated with only two genera ( Trigonella and Trifolium 4> 9>10) of this tribe. Isovestitol has previously been described as a phytoalexin of A n thyllis vulneraria and five Tetragonolobus species 11 (tribe Loteae) but in the T ri folieae it is of exceptionally rare occurrence 3. How ever, in addition to T. arvense, isovestitol has re cently been isolated (together with 2, 3, 4, and 5) from T. rubens 3. There was no evidence to suggest that T. arvense produced either 4-methoxymaackiain or isosativan (7 ), two isoflavonoid phytoalexins ob tained from the leaves of alsike clover (T. hybridum) 4 .
Compound 1 exhibited a mass spectral fragm en tation pattern entirely consistent with its identifica tion as a trisubstituted (dimethoxy-monohydroxy) isoflavan12,13. In fact, the mass and UV (EtOH) spectral data recorded for 1 (see Experimental) closely resembled those of 7,4/-dimethoxy-2/-hydroxyisoflavan 7 (isosativan) 4. The molecular ion was evident at m /e 286 and was accompanied by three m ajor fragments at m /e 150 (a ), 149 (b ) and 137 (c; base peak). These ions allow the aro matic ring substituents (which biogenetically should be at C-7, 2' and 4 ') to be assigned as follows, i) A-RING: C-7 (OCH3; fragm ent b) and ii) FI R IN G : C-27C-4r (OCH3/O H ; fragm ent a and c ) .
As 1 did not react to Gibbs reag en t8> 14 (cf. iso sativan, deep b lu e 4) the single B-ring hydroxyl group must be located at C-4/ rather than at C-2\ The above oxygenation pattern was confirmed by methylation (with diazom ethane15) to afford a monomethyl ether identical (UV, MS, TLC) with 7,2/,4/-trimethoxyisoflavan (8) similarly prepared from vestitol (5). Compound 1 is thus 7,2/-dimethoxy^-hydroxyisoflavan; this substance (which has not previously been described as either a natural or synthetic product) has been named arvensan after the source plant, Trifolium arvense.
Arvensan has been synthesised via 7,4r-dibenzyloxy-2/-methoxyisoflavone16 itself produced from the corresponding 2/-acetoxychalcone by oxidative rearrangem ent using thallium (III) nitrate trih y drate 17. Debenzylation of the above isoflavone fol lowed by selective methylation and hydrogenation gave a product chromatographically and spectrally indistinguishable from natural arvensan. As noted earlier, arvensan gives a deep orange colouration when sprayed with diazotised p-nitroaniline. This feature is characteristic of several isoflavans3' 18 (e.g. 6) which possess at C-4' hydroxyl group. In contrast, compounds with methoxylation at C-4/ often give a bright yellow colour (e. g. 4 and 5) with diazotised p-nitroaniline.
Im TLC bioassays against spore germ ination of The formation, by T. arvense, of several struc turally similar pterocarpans and isoflavans suggests that in the plant these compounds may be biosynthetically related. In M edicago sativa there is labelling evidence to support the view that sativan is derived via methylation of vestitol and that vestitol and m edicarpin can be interconverted19. However, the latter two compounds may originate simultaneously from a common interm ediate19. Although arvensan may be derived by methylation of isovestitol, no logical demethyl precursor of the latter compound was isolated from T. arvense. In the genus Tetragonolobus, isovestitol co-occurs with 7,2/,4,-trihydroxyisoflavan (demethylvestitol n ) , a substance which could be readily converted to comcound 5 by methylation at C -2\ However, repeated investigation has failed to reveal the production of demethylvestitol by T. arven se; it is conceivable, therefore, that isovestitol may originate by hostplant demethylation of sativan. No evidence was ob tained to suggest that T . arvense accumulated methylenedioxy substituted isoflavans related to maackiain.
Experim ental
Mass and UV spectra were determined as pre viously described6. TLC separations were under taken using precoated, glass-backed plates (Merck Kieselgel 60 F254 , layer thickness, 0.25 m m ).
Plant material. Seeds of Trifolium arvense L. (obtained from the Botanic Garden, Klagenfurt, A ustria) were grown as previously described20.
Leaflets for fungal inoculation 5 were collected when the plants were 6 -9 months old. 
